The impact of UV-B radiation on antioxidant activity, essential oil composition and physiological factors of Pelargonium graveolens L'Hér.
INTRODUCTION
Pelargonium graveolens (L'Hér), belonging to the Geraniaceae family, is planted for its valuable oil, which is generally called geranium oil and is widely used in cosmetics, perfumery and food industry (Pandey & Patra, 2015) .The geranium oil has anti-bacterial and anti-fungal properties. It was been used in ancient medicine for the treatment of diabetes, allergies, asthma, and diarrhea, and now it is used to treat heart disease, hemorrhoids, infertility and even cancer (Boukhris et al., 2013; Fayed, 2009) .
Ozone (O 3 ) is a unique air pollutant gas absorbing UV-B radiation in the stratosphere (Inostroza-Blancheteau et al., 2016) . Over the past few decades, the ozone layer has been destroyed by CFCs and other man-made pollutant gases. Therefore, more UV-B radiation reaches the surface of the earth (Rai et al., 2011) .
High levels of UV-B radiation cause DNA damage, increased production of reactive oxygen species (ROS), reduced photosynthesis, damage to photosystem II, and reduced chlorophyll content and lipid peroxidation, which ultimately negatively affect the growth of plants, crop production and the natural state of plants in the ecosystem (Arora et al., 2002; Hollosy, 2002) . Plants produce many UV-absorbing compounds such as flavonoids and carotenoids (Rai et al., 2011) . On the other hand, the activity of some antioxidant enzymes such as catalase (CAT), superoxide dismutase (SOD), and peroxidase (POD), as scavengers for free oxygen radicals, increase to help plants resist oxidative stress under UV-B radiation (Hui et al., 2015) . Among the various plant metabolites, the production of essential oils in medicinal plants and aromatic plants is of utmost importance (Cavar & Maksimovic, 2012) . The UV-B radiation has different effects on the essential oils; for example, the UV-B radiation increases the essential oils content in the peppermint, while the essential oils quality does not change. In contrast, the UV-B treatment has no effect on the quality and quantity of basil essential oils (Chang et al., 2009 ). Essential oils, as secondary metabolites, can replace synthetic antioxidants mainly due to the antioxidant behaviour of terpenes (Kamohara & Naparatanawong, 2013) .
To our knowledge, no studies are available on the effects of UV-B radiation on Pelargonium graveolens, as yet. Therefore the aim of the presented study was to investigate the effects of UV-B on growth factors, essential oils components, antioxidant activity of essential oils and antioxidant enzymes, carbohydrate content, leaf pigments and total protein in P. graveolens.
MATERIALS AND METHODS

PLANT MATERIALS AND GROWTH CONDI-TIONS
The P. graveolens stock plant from a greenhouse belonging to the National Botanical Garden of Iran was used. The cuttings were transfer to the plastic pots (12 x 10 cm) filled with a mixture of soil / sand (1:1) and kept in the greenhouse. The greenhouse conditions were 16 hours light: 8 hours dark photoperiod at a temperature of 22/7 ºC (day/night), and a relative humidity of 56 %. The photosynthetic active radiation was 194 μmol m −2 s −1
, provided by two 40 W white light lamps (Parskazar, Iran). The plants were grown for two months or until five-leaf stage prior investigation.
UV-B TREATMENT
The experiment had a randomized design with three replications for each treatment and twelve plants for each replicate. The plants were treated by UV-B radiation (0, 0.12, 0.26, and 0.38 W m −2 ) for 10 minutes/day during seven days. The UV-B radiation source was artificially supplied with the Sankyo Denki lamps (G15T8E /Japan) at a distance of 70 cm above the plants. The plants were harvested for analysis after two weeks. Growth factors including shoot fresh and dry mass, stem length, and the numbers of leaves were measured.
TOTAL CARBOHYDRATE ASSAY
Carbohydrates were measured according to the Kochert (1978) method. Approximately, 0.1 g of leaf dry matter was homogenized in 10 ml ethanol 70 %.
The samples were kept at 4 °C for one week. Then, 1 ml of phenol 5 % and 5 ml of pure sulfuric acid were added to 1ml of each sample, and the absorbance of the solutions was measured at 485 nm by spectrophotometer.
PIGMENTS ASSAY
Approximately 0.1 g of the fresh leaves of each sample was homogenized with 10 ml acetone (80 %), according to the Lichtenthaler (1987) method. The absorbance was scanned spectrophotometrically (400-700 nm) to calculate the content of chlorophyll a and b, total chlorophyll, and carotenoids.
PROTEIN CONTENT AND ANTIOXIDANT ENZYMES ACTIVITY ASSAY
Approximately 0.5 g of the fresh leaves of each sample was homogenized with 5 ml Tris-glycine buffer. The extract was used to determine the protein content by Bradford's (1976) method, CAT activity by Pereira et al. (2002) , SOD activity by Giannopolitie and Ries (1997) , and POD activity by Koroi (1989) protocols.
ESSENTIAL OIL EXTRACTION
Approximately, 50 g of the leaf dry matter of P. graveolens was used to extract the essential oil by hydrodistillation method in a Clevenger type apparatus for 3 hours at 60 °C. Then, the essential oil was dried over Na 2 SO 4 . The samples were weighed by a digital scale and stored in closed vials at 4 °C for further analysis.
GC ANALYSIS
The chemical compositions of oil samples were analysed on a Thermo-UFM (Ultra Fast Model, Italy) gas chromatograph equipped with a flame ionization detector (FID) and a Ph-5 capillary column (10 m × 0.1 mm ID, 0.25 μm film thickness).
The column heating program was as follows: the initial temperature was set to 60 °C for 3 min, and then increased at a rate of 40 °C min −1 to 246 °C, and hold for 8.63 min.
The carrier gas was helium with a flow rate of 0.5 ml min −1 . The injection port and detector temperatures were both 280 °C.
GC-MS ANALYSIS
GC-MS analyses were carried out on a Varian 3400 (Saturn II, USA) GC/MS system equipped with a DB-5 fused silica column (30 m, 0.25 mm ID, and 0.25 μm film-thickness). The carrier gas was helium with a linear velocity of 31.5 cm s −1 , split ratio1/60. The ionization energy was 70 eV and the scan time was 1 s. The oven temperature was 40-240 ºC at a rate of 3 °C min −1 , the injector temperature was 250 ºC, and the transfer line temperature was 260 ºC. Identification of essential oil components was carried out using the mass spectra of compounds and the data from NIST GS-MS library.
ESSENTIAL OIL ANTIOXIDANT ACTIVITY
The DPPH assay was determined according to Akowuah et al. (2005) method. 2, 2-diphenyl-1-picrylhydrazyl (DPPH, 0.004 %) was prepared freshly before analysis and butylated hydroxytoluene (BHT) was used as positive control. First, the essential oil was diluted with methanol, and then five volumes (50-250 μl) of the diluted essential oil reached 3 ml. Then, 1 ml of DPPH was added to the samples and incubated for 30 min. The absorbance was read at 517 nm and the inhibition percentage was calculated with I % = ((Ab -As)/Ab) X100 (where Ab is the absorbance of negative control reaction and As is the absorbance of samples). Percentage of inhibition after 30 min was plotted against concentration, and the equation for the line was used to obtain the IC50 value.
STATISTICAL ANALYSIS
All statistical analyses were done in the SPSS software; version 16 (IBM Company). The mean values of three replications and the standard error of means were calculated for the biochemistry parameters and growth factors. One-way ANOVA was used to determine the significance of the differences between treatments using the Duncan's multiple range test (P ≤ 0.05).
RESULTS AND DISCUSSION
GROWTH FACTORS
The stem length significantly decreased (P ≤ 0.05) in all UV treated plants. The lowest stem lengths were recorded in 0.38 W m −2 treatment, whereas the highest lengths were determined in control treatment (Table1). The mean values of leaf fresh and dry mass decreased significantly with increasing UV-B radiation. The highest leaf number was obtained in the control treatment; however, there were no significant differences between the mean values of leaf number between different UVtreatments (Table1).
Our findings showed that UV-B radiation significantly decreased the plant length, leaf number, and leaf dry and fresh mass. Teramura (1983) reported that the increased production of phytohormones under UV, such as auxin and ethylene, affected the plant growth. It is well known that ROS production increased lipid peroxidation and ethylene. On the other hand it was reported that the auxin (IAA) content decreased under UV condition (Krizek et al., 1998; Teramura, 1983) .The reduced plant length and increased growth diameter are caused by high ethylene content (Krizek et al., 1998) . The increased activity of some peroxidase, which acts as auxin oxidases, can reduce the flexibility of cells under UV radiation and affect all growth factors such as mass, length, and leaf number (Hollosy, 2002) . Hollosy (2002) found out that reduced cell membrane flexibility caused the reduced growth length. Kakani et al. (2003) and Zukgolaszewska et al. (2003) reported that UV-B radiation decreased the plant length. Liu et al. (2013) studied the effects of UV-B radiation on the growth characteristics of three soybean cultivars. Similar to our study, they stated that the increased UV-B radiation caused decreased plant mass and length. Valkama et al. (2003) reported that the UV-B radiation caused a reduction of leaf number in strawberry and barley. In Vigna mungo (L.) Hepper, the UV-B radiation reduced the leaf number and leaf fresh and dry mass (Rajendiran et al., 2015) .
PHOTOSYNTHETIC PIGMENTS
With increasing UV-B radiation, different effects on photosynthetic pigments were observed. By increasing UV radiation intensity, chlorophyll a, b and total chlorophyll contents decreased. In contrast, the carotenoids content significantly increased when plants were treated with higher levels of UV-B (0.26 and 0.38 Wm −2 ) ( Table  2) .
In this study, the content of chlorophyll a and b and total chlorophyll in all treatments decreased in comparison with the control plants. Rai et al. (2011) treated the Artemisia annua L. with UV-B and UV-C. They reported that UV-B radiation decreased the content of chlorophyll a, b and total chlorophyll significantly. Hui et al. (2015) analyzed the effects of UV-B radiation on two key spices of soil crusts in China and reported that UV-B stress decreased the chlorophyll content. Both of these reports are in agreement with our study. The UV-B radiation decreased the chlorophyll content by destroying the structure of chloroplasts and decreasing the synthesis of new chlorophylls. The higher ethylene production rate under UV-B radiation can cause chlorophyll degradation (Krizek et al., 1998; Teramura, 1983) . Results showed that the content of carotenoids increased with higher UV-B radiation intensity. Carotenoids are ROS scavengers and very active in protecting the plant against photo-oxidation. They can protect chlorophylls against UV-B radiation by dispersing extra stimulating energy (Hui et al., 2015; Rai et al., 2011) .
TOTAL CARBOHYDRATES
The content of carbohydrates decreased with increasing UV-B radiation. The highest and lowest carbohydrate content was observed in the control and 0.38 W m −2 treatments respectively (Table 2) . Alteration in carbohydrates content is usual phenomenon in abiotic stresses. Reduction in soluble sugars was reported in Eucalyptus and Acacia (Liu et al., 2005), corn (An et al., 2000) and linen (Tossi et al., 2009) in response to UV radiation. UV-B radiation has diverse environmental roles in plants ranging from regulatory to damaging (Jansen & Bornman, 2012) . The changes in carbohydrates amount under the abiotic stresses like UV-B may be due to damaging the structure of chloroplast and blocking of chloroplast electron transport, which provides ATP and NA-DPH for the production of carbohydrates. The decreased chlorophyll contents can be directly correlated with lower level of carbohydrates contents (Bano et al., 2017) . Earlier, it has been reported that oxidative stress induced by UV-B radiation can destroy macromolecules such as proteins, carbohydrates, and nucleic acids (Salma et al., 2011) . However, Singh et al. (2015) suggested that there is proper balance between different metabolites under elevated UV-B. The observed degradation in concentration of sugars during UV radiation stress confirms also the fact that sugars play a vital role in signaling and providing energy source for the synthesis of secondary metabolites.
PROTEIN CONTENT AND ANTIOXIDANT ENZYMES ACTIVITY
Increasing UV-B radiation increases the activity of antioxidant enzymes. In all UV treatments, the protein content significantly decreased (P ≤ 0.05) compared to the control (Table 3) .
The proteins with aromatic amino acids are known to be more susceptible to by UV-B stress (Kovacs & Kreseszfes, 2002) .
In addition, the synthesis of proteins is disrupted under UV-B radiation. D1 and D2 proteins, RUBISCO, and ATPase complex are some important proteins that are affected and destroyed by UV-B (An et al., 2000) . Our results showed that protein content decreased with increasing UV radiation intensity. The UV-B radiation not only causes structural modification and damages to amino acids, but also can disable proteins (Casati & Walbot, 2004 ). Takshak and Agrawal (2015) reported that in Plectranthus barbatusAndrews under UV-B stress, the protein content of leaves and roots decreased in all growth stages. The increased activity of SOD, POD and CAT, as the key enzymes for scavenging of free oxygen radicals, was observed in our study. The SOD is responsible for dismutation of anion superoxide and reducing the risk of radical hydroxyl production under UV-B radiation (Arora et al., 2002) . Meiling et al. (2012) in a study on flavonoid signal pathway under UV-B radiation in Caryopteris mongholica Bunge reported that SOD activity was increased under UV-B exposure. In addition, an increase in POD activity may occur in detoxification of H 2 O 2 (Arora et al., 2002) . Yannarelli et al. (2006) reported an increase in POD in sunflower cotyledons under UV-B radiation. Xu et al. (2008) studied the soya bean responses under UV-B radiation and reported that CAT activity increased under UV-B radiation.
ESSENTIAL OILS QUALITY AND QUANTITY
The essential oils content were increased with increasing UV-B radiation.The highest (0.70 w/w) and lowest (0.54 w/w) essential oils contents were obtained in the 0.38 W m −2 and in the control treatments, respectively. The amount of essential oils of 0.12 and 0.28 W m −2 treated plants was the same (0.68 w/w). The GC/MS results showed (Figure1) that some of the important essential oils components such as citronellol and geraniol were increased along with increasing UV-B radiation. However, some components like γ-eudesmol, citronellyl butyrate, citronellyl formate, bornyl acetate, and germacrene D were decreased (Table 4) .
All studied samples were rich in citronellol and geraniol as the main components.Therefore, the essential oils of P. graveolens are known as the citronellol and geraniol chemo type. The essential oils contain oxygenated monoterpens or alcohol monoterpens such as citronellol and geraniol, monoterpens such as isomenthone, and sesqueiterpens such as caryophyllen and germacrene D. In this study, the percentage of volatile oil (w/w) was increased with increasing UV-B radiation. In most cases, the production of secondary metabolites was increased under stress condition (Matos Nunes et al., 2014) . Plants produce secondary metabolites in leaves and accumulate it in epidermal layer to absorb UV-B radiation (Kakani et el., 2003) . Johnson et al. (1999) reported that UV-B increased the quality and quantity of volatile oil in basil plants. The essential oils composition of P. graveolens under UV radiation has not been studied, as yet. Therefore, we compared our findings on some of the important compounds of P. graveolens with similar compounds in other plants under UV stress. Similar to our findings, bornyl acetate is reported to be reduced in Artemisia annua L. under UV-B radiation (Pandey & PandeyRai, 2014) . Germacrene B was reduced in O. basilicum (Chang et al., 2009) and A. annua (Pandey & PandeyRai, 2014) . Citronellol and geraniol increased in grapes treated with UV-treatment (Song et al., 2015) . Manukyan (2013) reported that UV-B radiation could increase the bioactive compounds such as geraniol and citronellol in medical plants.
ANTIOXIDANT ACTIVITY
The IC50 was significantly (P ≤ 0.05) decreased with increasing UV-B radiation. The results showed that the antioxidant activity of the essential oils of treated plants with the highest UV-B radiation was approximately equal to the commercial antioxidant (BHT) (Figure1).
Results indicated that the antioxidant activity of the essential oils increased (IC50 decreased) with elevating UV-B radiation. This activity can be related to the main essential components such as geraniol and citronellol, which are increased in the plant under UV-B 0.26 and 0.38 W m −2 treatments. Geraniol and citronellol are known as antioxidant compounds. It was previously reported that the ability of P. graveolens essential oils in DPPH radical reduction can be related to the high content of these two alcoholic monoterpenes or allylic alcohols (Boukhris et al., 2013; Cavar & Maksimovic, 2012) .
CONCLUSION
In conclusion, it seems that the use of UV-B radiation can improve the essential oil quality and quantity of the studied plant especially at a low intensity (0.1 W m −2 ) and also increase the antioxidant activity of the essential oil in higher intensities (0.26, 0.38 W/m −2 ) .In addition, high UV intensities show destructive effects on the growth parameters . ). Bars are standard errors (Mean ± SE) .Different letters indicate significant differences between treatments (P ≤ 0.05).
